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2
The use of artifioclally produced radioelements in chomiatry, phvsioa

and biology hecuéitat’na a knowledge of their physiocal oharnotar:lstios.
Ayt
Dopending upon the nature of the problems to be solved by nd ive

isotopes, ohenionl, lvsiologioal, or physical properties must be studied,

v Inj oases it is naoosaary that an element of given ohemﬂ.cnl bohavior ..t
(L(wu (e L\,g, R LAy OVt -owCe cak \ (2%
ﬂhould at the same time pos eas m lvniea.l prcpertiﬁ mh,-—m

N |
have a %ﬂ ’ﬁalf-l:u‘e ) emi&etn-particlon and gamma-quante of -ghven ,{V.( bwv'1 L i

|

|
emrgy,w ; ’

|

|

In ma.rw c {es these requirements can be satisfied by a giv‘e:hchemioal
Lo /r E €50

element avt ioao‘oi :I.sotope. To a considerable extent -this -refer?l z /

= : to both 7 rs.dioiod.’ma , which has been widely 'used for some time as an ine
| By moans of this

St

dieator in varioua processes and as a therapeutic agent.

element, Soviet regearch workers have solved mgny problems in the i
LAy (rra et on g tharwanin ) *"
“af-.chomical y the chemistry of complex com ounde, the struoture of

<,
solutions, the mobility of atoms in cry;\bnl lai;.\icee) K807 00y In most of

this work, use was made of the lodine isotope d—_w:l.th a half=life of 25

minutes,
At present some 14 radiﬁ otive isotopes of lodine sfalaiown which have 1

half-lives ranging from several seconds to several months as well as various |
o Bt o / i

types of energy radiation) (A “rational” 7o of these isotopes, taking into

ascount their physical charaoteristios, permits one to treat a considerable !‘ :

number of problems.
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secpe T :
_F'( suled dsotupas of lodins uhiol cpo of zrsat Intepast, have boen 4 g

o
covared vory pscantly, "
2|

o7
/‘ T oy ity LU0 0b S O TYLTH //
P\-C/f,vﬁf\a—’hm LS I—aer’\-w oA~

p g

24
jJ The mau-numbeu of lodine imotopes 1lie in the interval M 124----13'7,
4 and only ono of these isotopes is utable[ ]
‘ A considorable number of these isotopen are soparated from the fission
produots of noutron-bombarded uranium and thorium, Somo redicactive isotopen
. are cbtained by bombarding the stable isotopes of I, Te, Sb)e.nd Ce with
neutrons, protons, deutaronu)and alpha=particles, It is obviously possible
to obtain iodine also by the noutron bombardment of xenon involving the
reaction Xe., (n, p) I / but,as far as we know, such a resction % not
54 53 ) \
foan, eannud o wi, ove
practieable, The assential advantage of radiomotive 1odinemara&-
; wiethr many other artifieially produced radioelements is its relative ease

S4 Low Mvﬂ v tlean “Whet
of' ssparatién .from the bombarded target and from eimidze radionotive/’produots Mo,

of—muolwsrczamution. As lodine is most completely separated mi&}‘elementuy
‘ —-;3’7 5%[] ‘the chamical method generally employed in soparating radioiodine
' from newhsen-irradiated targets oonsist of oxidizing iodine to its elementary
state and off soparating it from & solution of the original target by utili2.™
%/ ing edther the high vapor tension of elementary lodine or its solubility in

organioc solvents.vl:k carrier is added to the exposed target, generally

elther in the form of KI or mw an equivalent n&.xbure KI -+ KI0.,.

In the formen oase, to oxidize the iodine, "soft! oxldizing agents of the

type KNO or Fep(s0,), Lagam\{a_eg/whioh do not affect _rg;”lfr m&m
\\M“iosﬂfart c)&gﬁvy Mor%n separating iodine from w’madunts.\q_
In the cas element iodine is separated through acidification of
‘the solution accordi to the reactiom

KL - K10, o 3080, = 3, + 3,80, -+ 30,

3°
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There 48 good reason to assume that Wuo:&ﬂeu the mosty ot
/" ccmplete qunn'aitativa separation of 1od1nd’ since mlk in t%g’proooas :

| o SommnedaA %%y ehementery atate 11 |atons Fadicactivel mist be imvolved,
no matter what the valanct& gtate may be as a reault o!‘/mear reaotion[ ]
In casos where there t’» :3e£.lxlihood of a 409‘!: o:ﬂ.da'b:l.on or 'bromine,

a certain amount of KBF W\KI pust be added to the solution to W

tho probability of soparating aotive bromine,

It wstable loding porves as the targot, in accordance with the method
747, 25 6T,
of Szilard and Ghalmeraf\ Purther developed by many other authors ‘the
Wik &4 't nbe
concontration of &, qua(ﬁity of & radicactive isotope mnd its
goparation from stable iodine is produced by utilizing the ochange in vnlenoaé.
an.% chemiocal behavior of the atom obtdined as a result of nuclear reaotion}\
’\
, Separaded by one mothod or another, tho eloxpo 1od o 0ontalning nct:l.ve
% ( isotopes is separated from the aolution%rge thor by with
vl hvelviat g
oon&-&i\yn&m organic solvents (0014 or 0801 ) or by distiiiing-it-froma
n.homd,-w—lham.wa{ﬁh-\»ﬂlw\wm seoam {» orm QA |

L)
C [ VQA;V\ - on'd : g
&s 8 reault of theso operations 1t ls possi"ble to avold the necessity, !

usual in the majority of other cases, of preeipit&ting the required elsment
directly in a target solution. Thus, in thls case we oliminate the danger
of simultaneous precipitation and a’g'sorption of other radiosctiye elements,

which may have formed with the iodine dwring ﬁmlear reaction. In

gome oases, in addition to the ghove-mentioned chemical methods, electro=
e’

lytic separation of active lodine is employed directly during irradiation.

3 “/ Eo—
(.LGOT\)M‘JJ it TUJLHES ably Tllalit THYsIun StadaC o i I5TICH /
/
PR
ﬂ —pEE el In studying s,]u"xtu isobopes of lodine, ww shall bake up
g , sk M( “‘I/UH.
= Lhe folloving problens: (1) meleor reactions; (2) the Lype of' nu.cla#; .
Y24 ’AAD'(AOD\CJ‘W& ola enn Y "
/ J weuchlony (3) the ma: 15 nwabar; () thie rass nunbu‘ M‘Qﬁ&l«lfl to thedriven
o i thutat ¢l

activiby; und ()),\but n-gpechrud, N\ FEIIA=TOY S md/.ilac, aye

S
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)T 12, &k Days
L ( The dsotope with ©ooweguals 120 bes the logeat rass nuabep of «11 known
L)
leotopes of dodine. It wae obtained by Livingo?d _tand Seaborg by bembarding
egeiai-pto

antimony with beta=paréicles with energy EA 16 Mev. In messuring the ac~
tivity of lodine separated from antimony exposed to beta-partiolea) the

ourve shown in Figure 1 was obtained, This curve can

6” I PR l
‘ repregonted as the r:uvlt of superposing two ourves of pericds T [( 4. 7
| Lyl v jw* a
0.3 dg! and T)\ 13.0 R 0.3 dayp. The existence of two por:logut aﬁi‘gii..)/’

with the faot that antimony has two stable uotopea, sb J-ji‘ yand Sb
(41.@ from which two isotopes of iodine, I lal. and I -ﬁg, are formed

by the action of alpha-particles according to the reaction Sb 51 (alpha,

n) I g50 Since, as the result of other nuclear reactions, it has been

Cov 4

[ 2%) v
( shomn that & 13-day period must belong LAY 2285 then activity with T %4
4

) | days must correspond, to I 45l Thie isotope, according to Livingaod
and Seaborg, was obtained acoording to the resction &b %21(a1pha., n) Iﬁﬂc
with the ge of(]? active atom per 2,107 bombarding alpha-particlea
- of e:zergy EH;{ ‘:'1.6 Mev, I i&a emits positronsr and forms a stable tellurium:

[ow————

I ﬂ're 124+ beta-pa.u ‘

H|/

; [\ |24 126 !
- Figure 1. Deeempug.tun gurves of I 3R4~and I 326, 1. -ﬁm /

| of radioaotive 1sotopea of iodine formed according to the reaction Sb ‘/"
(alpha, n) I. 2. Decomposition of I 156 formed during the irrediation "
of iodine by fast n;utrons.

The apectrum of poaithona emitted by I-J.'éﬁ: and the presence of gamme- ‘

daa .
rays during beta-mmkn were not studied.

—ReferthMblinmphwawbh&Mn ‘isotope of i1odine was

also obtained by Dnbridge‘g'bombarding tellurium with protone coording \
—— e e e ettt — e, 4

_ \iio a Te (p,n) I reaction.

T e

1
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A ,{f - le A,f
5 ( It 1e ourious tha'b, in bombarding tellurium with deuterons of energ:lea%/\_
vk g

-v 8 Mov and E ﬁ 11.5 Mev, the emergence of a positron of half-life 40
days was not deteoted[ﬁ, 10, :lg}although it was possible to expect its

formation ;ooord:lng to the reaotiona (d,n) and (d,2n). SE
1 I ‘.1:25. T8 56 days.S- CRET

I \
b
Until recon’cly thero vwas no radioactive isotope of 1odina to which a

Vit
mass number M A 125 cou.'ld be aseigneds Thore 1n no j,aotopo I sas in Sea-
borg's lsotope table, In 1946 Reid and Keoto” /‘q announced that in bome
barding tellurium for 40 hours with deuterons of energy 14.5 Mev they had

obtained a lon’z-l:!.ved activity which did not die out for 6 months, This
“' ;’KWV‘{O V‘v‘ i
b activity in—&é-%_b@ lodine during precipitation of AgI and oxtraction o, Ty
' 001{:; when introduced into mice, :lt;/concontrated in the thyroid gland, |
The halt‘-lﬂafo of this activity, whioh ocbviously pertains to iodine, proved

[T /Ry 4T

equal to T M 56 days.
In studying the radiation emitted by these radionctive lsotopes, by

means of absorption in aluminum gnd copper and silver foil, a characteristic
X-ray radiation of energy E;‘ :’2’?".6 Kev was dotected, which corresponds to
the K-alpba line of Te, Gamma-rays of greater energy were not discovered.
Hence the authors came to the conolusion that the radiocactive transmutation
of the new lodine isotope chiefly resulted in K-capture with transition to

To, Simultancously they proposed on insufficient data that the 56-day

129 -
period belonged to I 189 and suggested a complicated scheme of transxm%-

i | e o
N tions including the unique case fonsisting of auccesaiveI beta-;;\elgmn

? j! and K-capture (see diagram below).
i | :
B .
Lﬂ 7/ A ? N -rg“’-ﬁ
o ! " e
T(:U 5/;\ 1& ”C-‘N‘
Iy Lo
LS
In 1947 Glendenin andpEdwards
e nlae

isotope of balf-life T R 56 days but aseribed this time to I 125, In this
oase the 56-dey activity was isolated from‘l%;iiuriml@éﬁfgﬁﬁ:ﬁgﬁﬁﬁﬁ'@
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i (about a yoar earlier. The chemloal identity of thie aotivity with lodine

wes demonstrated by a eerles of successive operations of oxidising iodine with
sodium nitrate, extracting the COl4§ from 1% and reduoing with & solution

of sodium sulfide; ﬂhereupon it seemed evident that the 56-dey activity im
all operations is due to the lodine, Ae & result of three cycles of such
operations, the initlal activity remaigod unchanged within the range of

experimental error.
L Im studying the absorption of the radiation emitted by 56=day lodine
in Ag, 0d, In, Sn, Al,and pdlystyrene, only X-ray radiation of energy

5 ,_.; ‘ [ Y KMV 7~y l}
oy % E R 27.5 Kev and B f{ 3.8 Kev wae disccvered) ~iiani corresponds with
5t . -N.’. T
M the K-alpha and L-alphe 1lines of tellurium, No gamma-roy of ensrgy E great-

er than 20 Xev and no particles wore discovered in tho radiation of 56=day

¢ dodino, Honce, it is ;bviously pons:l;b&?‘ Jc‘:wconsider proven that a radio;f
active lodine isotope of half=lifa T #’55"35&5 exists and that its radio-
aotive m‘m results in obvious K-capture.
With regard to tho mass number of 56-day iodine, this half-life
ghould probably be asoribed to I 125.
Reid and feertzc:m's proposition must be considered erronsous on the
basis of the general ideas 1éYas to the probable character of the radié=

Cpateih o Cprando S

active transmutation of a nucleus with 72 A 53 and M A 129 and on the basis

of experimental da'ba) which will be treated lates &34 from which it 1s possible
to conclude that a different half-life must be attributed to I 129,

On the other hand, it is possible for I 125 to be formed by bombarding
withduterons the stable isotopes of Te 124 (4-5@) snd Te 125 (@)according
hl to the reactions Te 125« (a,n) 1 1§g and Te 1§g (4,2n) 1 L’;g Radloaotive
Wﬁ&oﬂ through K=-capture by T 125 is not unexpected (compare the

gtable I 124 series undergoing the same process of muclear transmutalblon

P, n) and leads directly to stable Te 125.

ed
Hore the artificial assumptions required by Reid and Keston are not need,

SECRET
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_) ALl there weaspnq indicate oconclusively enough, P though somewhat
indirectly, ;!Lat '6‘50( 56=day half-life must belong to I 125. However,
there ue’p&&mam n: ﬁirect proofs of the identity of
the lodine isotope of half=1ifg T nﬂ 56 days @mk with I 125,

% i 1126, T w13 days
ot bonbarding steble dodizo ¥Ath fast noutrons, Tape and doricfiL]
dincovered a radicactive lodine :i.uotops of half-life 13 days to which . " ;

they attributed the mass number M‘Xi‘zé. By observations in a Wilson *

ety J ootabliched that 13-day lodine o,.\'&é elootrons during

radionctive . ‘

The existenco of an electron=omitting iodine of half-life 13 days
was substantiated by Livingood and Soaborgl&, Jﬂ,who obtained it in
exposing stable iodine ,\%ha action of fast neutrons and@ also separated

Cpr el onr
it from antimony bombarded by alpha=-particles of onerg‘; B 16. Mov and
AL g

from tollurium aotivated by deuterons of enorgy E A 8 Mev.

The ;mfm of 13«day iodine separated from nnbimonl and £ rom
stable lodine a,\ ehovm in Figure 1.

As a oonsequence of the presence in tellurium of a great num'ber of

stable iaotopes, the m ocurve of lodine isolated from ‘ﬂllurimn

show VW half‘-li@-n. Anglysis of the end of the integral curve,
teking into account the propagative properties of various stable isotopes

of tellurium, permits one to conclude that the mixture of radioaetive
lodine isotopes contains.a component possessing a half-life of 13 deys.
In Sea.borg"fépinionﬁﬂ)this same isotope of iodine had been obtained
by Dewbridge when he bombarded 'tellurium with protons according to the
(p,n) reaction,
Formation of 13-day lodine is possible according to four independent

reactionss

2127 (n, 2n) 3126, b 123 (alpha, n) + 126
! ' 53 53 533

125 126, 126 126
Te 5 (d, n) T 2 Te o (pyn) T
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}/ This is oox?rino:lng proof that mase number 126 must correspond to
Ad L
half-1ife !' 13 days.
The radiation emitted by 1 126 was studied by Livingood and Seaborg

by noting ite absorption in Al and Pb, and by Tape @.6 with the aid of
m‘ze

a Wilaon 1n a megnetle field., During absorption meaam'omentu 7”' »
eo,« ”“/ ?’\»«‘7

thore wore discovered beta-particles which had a range RA 0,44 b
' . Z, LG L n.Z.anmtd\ . M L “’““"" .z&.q.« r.\.;u‘, 1o et us 'A« St
,TAJ. and gma-raya whioh were hnli'-a‘buorbed in'k noe, the
maximum energy of beta-partic:;a, as oomputed by Feather's E’z]formula z
oo © 7 R 0,543 0. 160 equals Ba® 1.1, Meg, Tho enorgy of the gamma-rays 4
o A h ? % _,L i i#

" s T = 0,5 MQV. b

Fall N . ﬂ )
b p With tho aid of & wmon"‘ﬂwﬂ.?) ““"Q"amgnotio field, Tape studied

vt ¥
the bota-spootrum of radigg.odim obtained by bombarding NaIO3 with faat
(Li D) neutrons. On 'bga bneia of measurements of }060 tracks, a sitple

™
beta-spectrun of ener 1 20 0,03 Mex was obtained. By extrapolating
A

F, Ourie'@ grapky\ oh is plo‘btad in accordance with Fermi's theory
of bota—&men and emplom ooordimtas (N) % and E, one finde
the maximum energy of the beta=-speotrum to be ﬁﬂlf (:".IZF Eev.
Thus, within the limits of acouracy for the data at hand, it is possible

to represent I 126~» Xe 126 intho form of the graph of Figure 2.

«
~

| |
Figuro 2, Disgran of tho m: 126-%e 126,

//( In conneotion with the fact tha‘o theore Hre indicationa of the pregence

of Xeray radiation in long-lived iodine[ ﬂ 1t 1s possible that there is
e
some lilﬂihood of another scheme of mﬂn for I 126 involving K-

capture with transition to Te 126.

[ Declassified in Part - Sanitized Copy Approved for Release 2012/05/21 : CIA-RDP82-00039R000100070051-8
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ﬁ From Wmaaa-epeotrcgmphio Reanuremonte il follaws that I 127 .
ie the only etable 1sotope qr lodines The presence in raw iodine of other
etable isotopesof iodine?"i/a posaible in the quantities relative to I 127:
I 123 1/50,000; I 124 1/50,000; I 125 1/50,000;
I 126 1/25,000; I 128 1/15,000; I 129 1/40,000;
. I 130 1/120,000; I 131 1/250,0005
ZI I8, T= 25 Minufes 2228 iminyes :
ﬂ ﬁﬁ firet worke on obtaining artifioally produced radi%ﬁﬁt;”
through the aotlon of neutrons, Fermi )m Amald:l.)and others[j,l:?],in ;'.1' B

A
posing iodine to slow neutrons, discovered activity of halfalife T ,ﬁ'{25

minutes due to the lodine precipltated in the form of AgI in the presence

of Te and Sb, This activity was attributed to T 128 formed during radistion
by noutron capture from stable lodine acoording ?o'the ﬁ:crbiom I 127(11,/-7\’ .
gamma) I 128 m'b‘gadioactive fodine wa:; obtatned at!;}uawigg‘in
& number ofaiabbratoriea. | ‘

The study and use of I 128 wan considorabld facilitaled by-':g::uard
and Chalmers diacovere} that a small quantity of active laotopes oan#fi
separatod from the mass of inactive isotopes, The method for isoleting
isotopes chen;ionlly, subsequently @;@;yftsed,;' was at firat worked out
only fgr the re‘aetion I 127 (n, gamma) T 128 from the mass of inactive
ethyliodide 02351 127,

I+: ig interesting that this process/whioh forms the bgsis for

( utilinahmof the emlssion ww ‘the atom in}%%w gamma=-

quantum, permits a peculiar reversal, The emission which tekes place
as a result of radiation néutrozit;npture can be used not only to extract

an active atom from a moleculs but also =introdues-en-atbiveabomProm

p———
IO

Hmlooulo—bu—t—ga:gd';to introduce the active atom into the molecule

of any eubstance,m Thus}by exposing an iodine solution to slow
neutrons in normal pentens, Reid [é97, discovered that about A(@ of the
activity seemed to be conneeted with n-amyl lodine., This is obviously"
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1,128 -—-——a‘ 0 H I l284-H,
,/ 12+@4 uring emission) ° u% B
-

ﬁy Processes of this type can, perhaps, be uaedAmtheailing chemioal
compounds containing active atoms, both for -{heciiemposenae chemical re-
search and for the production of highly radicaotive preparations with a
definite physlological action.

W o , /
The formation of radiciodine according to the readtion I 127 (n, szmnmj

I 128 does not depend on the valonce state of tho stable.lodine exposed

v/

2 |
to the neutrons, Ac?ordins to Kmuer'e/ﬂ da.ta./\dﬁ’ring exposure of
iodine 1n the form }1, .'LO'3 and I', 10'3, I_ tho changs in formation
¢/
of radiq‘i”afm is betweon 2 and 351

The effective oroulsection (sigma) of the nuclear reaction
I%;7+n%7w1%§8+gamma

and its dependence on the energy of neutrons wers studied by many authors
ﬁ-?g For fast (Rn-—Re) neutronas, V. 8. Dementiy and D. V. TimoshnhukZ.?‘]J
x@determined that sigma equals 6. 57910 a. .« For slow neutrons tha

offeotive cross section was at least 100 times larger, Figure 3 shows

the dependenoe, obtained by J’ones[Z’_?Z of the orosaJ;ec'bion of I on the

neutrons energy in the range from 0.0026 eV to JJOOO eV. For thermal

[ N

neutrons ( 0.0275"eV) the cross?section of reaction (n,gamma), talding

& (mC./

| into account the cross section of scattering, equals sigma sub-c ﬁ/ 6.'7 i O"M
Ao=-w-Ri-em~@y Whon D<3ev, the interaction of the lodine wtth the

WA (t(&_‘ RS

neutrons follows the I%MZI /w3 when E & 20,3 eV, e resqnance line ocecurs;

Chdle

; \

o an JAI 4
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/ A radi*od;% of half-life T §|25 mix oan bo obtained not ouly by

the nuolear rcaot?n ptudied above, but also bv other me hode\.‘ )jﬂzin-
(  good and Saaborgﬁ{eparated dodine of halt-l!} W from tellur:l.um

subjected to bombardment with deutercns of energy E A~ B Me?. In this case

I 128 was formed from a stable isotope of Te 128 (32.@) in the reaction

To 128 t(:“?nz I 128 with atachargo of @u'euv aton per 21107 deutorons

with E K8 MeV, Fomat:lon of I 128 in this manner was corroborated by

Tapo [ 97 who also obtained it by bombarding lead iodide with 7 MeV deuterons,
‘ <o’bviouu1y, according to the reaotion I 1%; (d,p) I g.g&. Furtbermore, this
' isotope of lodine is formed in the bombardment of telluiium with protona[‘?j
wkwe- in a (p,n) reaction.

Since tho half-life was very exmotly dotermined for I 128, this isotope

cen be used to ocalibrate instruments that measure redioactivity. According
37 ekl o Io

o tho date of Hull end Seolig[30] T 128 bms & half-life T A 24s99:+0.02 niny
The radiation emitted by I 128 during beta=disintegration was studied
by Fermi, Amaldl and other autlmrs[sj who/ having separated I of half=life

¢ /
minu’es),
25 démonstrated the ejection of electrons and gamma~quante by this isotope

o

and also determined the absorption coefficient of bota-particles in aluminum,

B T e

&
The beta-speotrum of I 128 wae first prepared by the Soviet ecientisiﬂ Ali-
khanov, Alikbanyen )and Dzhelemel, B‘_Zywith tha aid of an original device
with two coincidence counters in the magnetic field, The beta=spectrum

d{ I(ELQ/.J

thus obtained is shown in Figure 4. Here Em ,( 2,1 MeV, Most of the elec~

trons have erlg; E;(BmE MeV. M. I, Korsunskiy, N. N, Nikoleyevskaya y

and M. A, Bak?\ studled the beta-spectrum of I 128 in the energy range from
046 to 2,0 MeV by the same method of magnetic analysis with two coincide A'?"e“
counters, Using a more powerful souree/ they :gade a more detailed study

of the beta-spectrum of I of half-life 25 minf(i’if “the above-gentioned energy

range.
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' 5 The beta= spectrum of I 128 was aldo studied in many laboratories

in & variety of weys, The results of individval dotemAnat:lona were
not always in good agreement. Livingood and Seabordé%letarmined the
absorptive layer for the bota=rays of I 128 as equal to & g/n™AL, e
wh:l.oh“w’ﬁpg recaloulated acoording to Feather! ;: formula oorresponded to
Ey A 2423 KeV. In nencuring, with o Wilson gaves and magnetic 1414,
of the radii of owrvature of 5330 trnoka, Tape@.gobtnined from certain

ft&.t [ J
Mn beta=speotrum with By p 24 MeV. Ho also gavqg3 another

g it

valus, B, § 2.2 YaV. Plotting the F. Ourts greph, in scordtnates G (L) ¥k
% and E for K© 2 and K 8/4, given by extrapolating in the former
case Ey (= 2.2 MeV and gives in the latter case Iy (8 2,94 MeV, This

fo:-ﬂan us to oonolude that the bota-spectrum of I 128 follows the oriy -
L

. &inal thaory of Ferm.t rathar than the thaory of Ko;\opinsld.yh!ulenbe
— SRR 73 351
_v" On tha other hand, Bacon, nriaewood )and van der Merwe /\allo studied

"ff Flad 'Ma- ithes epectrum of beta-particlesﬁoe@ad from I 128, with the ald of a
swchum ) Wilson -oar’-‘;\u;nd magnetic i‘ielc}and analyzed the Curie graph for X(% )4.
of L'2¥ They started by proposing to apply the Konopinskiy-Yulenbek theory.to
the beta=spectrum of lodine of half-life 25{35@ Moreovar, on this
assumption the diiontinui‘by in the Konopinskiy-Yulenbek graph (Fige

ure 5) was interpreted by the authors as an indication of the presence
of a complex spectrum in I 128, By bresking the Konop:lnskiyﬁ!ulenbek
graph into two stralght lines and extrapolating them up to the inter-
gootion with the axis of the absoissai:/ they obtained for the values of
the limiting (boundary)enmergies of two groups of beta-particles: E;n(?)
1405 MoV and E_ (2/2.10 MeV. These data ave set forth in the well-
known tables of Seaborg and Maddox. Bub these values are open ‘o doubt,
both because they were obtained by the questionable application of
Ronopinsliy-Yulenbok!s thoory to the beta-p%?“‘mmm of 126 and
because they do no‘a agree with other experimental data.

S, Graphs of Ferm) and l\onop\hsw/ yu(en el fum }
( lté g?:t& ,ao,;tuw\ &*(; I‘ \Y( e e P / 'R @MM% /
,gt’)-f\—w&..ww&t O olu\, Yzt > /

o
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| 1n faot, acaonding to the date of other autiars 7, :@; th thel__
A Konapinakiy-!\aenbe)c‘,\id'r;o% in suffiolently good agreement with:

the experimental valitea of the maximum energy of the beta-spectrum

of I 128, Inoidentally, the authortéithemaalves do not offer any definite
oonoluniona%e applicability of the Konopinskiy-Yulenbek theory.

On the other hand, to solve the problem of the presence in I 128 of two
growpa orl’,Béta-pprt:Lolea of emrg;\gi‘;u(-) 1.05 MeV and E, (-:)2.10 MoV, the
ohnraqta;' and enorgy of the gamma=-rays emmitted by the Xe 128 nuoleus,
during the radicmotive disintegration I 128 Xe 128, {;"\%f’;he greatest '
importanog. It is obvious }h&‘a, if the walues obtained by Baoon, Griuowood)

(;,J(‘(‘(’C

and van der Merwe are w%fairly intonsive gamma-rays with By G) 1.05 MeV

must be chaerveble in the bota-deSEakeation,

But acocording to data from many laboratories it is known that even

~ b =
if T 128 emits gamma-rays in & betu-dt% [5,1n,3§Zthe1r in-

VA
tonaity is very and their energy 1s leas ‘thanl}\MaV. Thus, Roberts

{35
and Iwﬁg«é’ﬂiand avan Baoon, Griewood)and van der Merwe ghné-k

wore not able to detect gamma-rays in a quantity greater than (1'photon

per 10 beta=particles., Even if the energy of these photona corresponded
to the difference between the limiting (boundary) energles of two groups
of beta=particles /it would be very doubtful that such an insignificaht

i quantity of beta=particles (10@), the emission Dof which was followed by
the radiation of gamma~quantum, could have any effect on the
form of the beta-spectrum and the corresponding Curie graph.

Further, the absorption measuremonts of tho energy of gamma-rays
made by M. A. Bak and N, N. Nikolayevskaya and by Livingood and Seaborg
give a more consonan@ val_ge for the energy of gqm:rws of 25-minute
lodine, which does not ;}ﬂil correspond to the above~mentionsd values

The Two .
of the maximum values ofAﬁ"g’rB{ps of beta-particles,

doe Suqjested
A more satisfactggy% the b}@m of I 128 was bn%im'

' " _fopwafd by Siegbaln and Hol ?])who gtudied the beta-radiation of this iso-

£

tope with the aid of a beta-spectrograph and determined the energy of

gamma=-rays by the energy of photoslectrons produced from lead.

PR
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/ adive.
A preparaman of radi%odine Was placed in a copper oapaule, wi'oh

el uma i

lead foll 0,1 plfﬂad.ok in front of it. The beta=partieles MI 128/
were completely abeorbed in the walls of te capsuls., The secondary electrons

were studled with the beta=speotrograph. Figure 6 shows the spectrum of
) gecondary elestrons emerging during the aotion of the gamma-raye of the radio=

! arj'\'ve,, 1odine on the copper capsule and lead foil. In the background of Oompton

'
L ——

eleotrons two peaks can be seen which correapond to photoeleotrons from
K and L levels of the lead layer. The ;\;org of pamma=rays as computed from
the energy of photooleotrons, taking into account the onergy of the X eand L
levels in connootion with Pb, is consonant and equal to E (-)o.m MeV.

Gamma-rays of higher energy woro not detected. These results ere in agreement
with the data obtained by absorption measurements, Gamma-rays of energy Em .
04428 MeV have x 1ittle intensity and, as shown by the pulse recordings

in beta and gamma counters, are emitted at the rate of 7 geamma=quanta per

100 beta=particles. Thua)the remission of gamma-quanta accompanies only

'z%/ of the beta-disintegrations snd, consequently, the beta=cpectrum

of I 128 must oonsist of two groups with adfference between the maximum

values of Epax equaling 0,428 MeV.

,,,,, -\ | ‘“},_‘,,;, Y I

9ug b AT oAl |y Fonmmits grapl
g%fog hoiieng fromd | gy, "eaa.agum- 71{%

awua. m!-JA V/x-w,.i?/ S

)/'j Formi's graph in Figure 7 gives E equal to 2,02 MeV, which agrees well
‘ enough with the value obtained by Alikhanov, Alikhanyan )and Dzhelepov,
It is apparent that, because of ‘the . intensity in the sscond
group of beta-particles, their presence is not indicated in Fermi's graph.

In accordance with the statements made above, ‘the transformation

/ I 128 Xe 128 might be represented by the scheﬂe in Figure 8 in mgreement

with Sieg'bahn and Hole,( 9@ ?\the beta-'particles are emitted in transition
to the baale lovel of the Xe 128 nucleus Qf@%j are emitted :Ln the transition

| SCRET,
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to the exoltation level of Xe 138 with an energy intensity of 1.59
Me¥ and a subsequent radiation of gamme=quanta with zg{-,)c.z.za MeV,

Y
i

< :/«"_a'c:’.b;o,flim r’[ t{L n *_t: | I':E——;Xt'“&.‘

) ' o pha—

g 2

ZE 129 T S Moct /08 Years

e
- l For a long timo no ono suocceeded in doteoting tho lodine isotope
w*"’d
of mase Mumber 129/ elther a.mong] the stable or radiomctive isotopes,

In studying the isomerism of Te 129, Seaborg, L_:;yﬂ,ggood, and Kenmdy[l:oj
. d HLh T
( disocovered the isomoric transition of Te 129 (32 daya/)\}‘o 129 (72 days). /
- / Acoording to Nierﬁ_%ho\vevar, I 129 was not stable or moro accurately,

1t was not contained in raw iedine in quantities larger than 1/40,000,

Henco, I 129 eithor had to be a very rare stable isotope or it had to
have a very long half=1ife,

Actually, it follows from the published deta on the plutonium pro;«‘ -
Teetgljthat T 129 e formed during fiseion of U 235, has a "very long"
halfwlifs and emits electrons during its transformation into stable

Xe 129, I 129 is formed as a result of a chain of beta~transformations
of primary fission-products emerging during the fission of wranium according

to the following scheme: . )
g 7E 1t (e loys)

19
o Gate) s B Gy T gy
(taste)

In analyzing the integral decay ourve of iodine isotopes separated from
neutron-bombsarded uranium, it was not possible to discover a half-life
greater than 8 days. Even when the action upon uranium had continued
for 123 days in a Clinton furnace [1;5, the lodine separated from it
produced a decay ourve containing only known half=lives and ddainbopnahed

SECRET
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decayed to the limit T ® 8 deys which correeponds very well with I 131,

But this specimen of icdine eubjeated, after decay to the threshold,

to the aotlon of slow neutrons, displays the considerable energy attz'-:l‘uu’oed

to lodine of half=life T w 12,5 hourq. From 1te half-life and absorption

7 coefficient in Al this aotivity was identified as I 130, It::‘ormntion

, muat, obviously, be aseribed to radiation neutron-capture of an :lodi&lo

of mans M = 129, The effective oroes seotion of the reasction I 129

(n, gamma) I 130 cen be roughly estimated as equal to oigma = 8:10~%% on 2,
The very long half-life I 129 (greater than 108 years) pormits us to

essume 1ts presence in raw lodine in quantities approximately 80 times
smaller than the limit set by Nier,
: T 130, T = 12,6 hours.

Livingood and Seaborg(a)fﬁ) 1solated a radionctive isotope of half-life
T 2 12,6 hours, emitting electrons during decay from tollurium bomberded
with deuterons of enorgy 8 MeV. This half-1ife was asoribed to I 130
formed from stablo Te 130 (33,1%) mccording to the reactions Te ;go(d,Zn)
I 130with a dischargo of 1 atom per 1,107 deuterons of energy E = 8 MoV,
Duging bombardment of tellurium with deuterons of energy 14 MoV, the total
dlscharge of I 130 is 32.10" fissiona per micro-A per hour, which corre=

e

sponds to the discharge of one active atom por 1,1 % 10* deuterons.
Some lodine isotopes are formed in bombarding tellurium with deuterons,
Flgure 9 shows the complex decay ourve for iodine separated from deuteron=

bombarded tellurium and its analysis (according to Livingood and Sesborg).

y '

—7-&0 “T l[—-o L. (.A»\’ wau‘t. (Ku mej)::e &41;%&4 &oc
,@,,w o otu)-\m 030‘“—()1\-4\6(,»»-..‘:0 / Te M;tL DW
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A convineing proof that tho half-life T ® 12,6 houra belongs to I 130
18 furnished by the faot that lodine of half=life T & 12,6 hours iz also
obtained in bombarding cesium with fast neutrons (4*'9). Since cosium has

only one stable ilsotope Os 3523, the formation of radloiodine results from
the reaction.,
' 133 130
Co 5% (n, alpha) I 53

But this isotope wae obtained in exposing tollurium to the aotion of
protonc@):ln the obvious resctions Te %go (pyn) I ;-:330.

‘ Statements contained in the bibliography to the effect that rndio-ad\&e»
iodine of half-life sbout T ® 13 hours can bo isolatod from the fisslon
products of uranium (45)and Thorium(lo-‘:’/x (AGJ by the motion of neutrons,

T
el T

should be accopted with care. The prosence of some radicactive isotopes
of lodine formed in these cases, the deoay of certain isotopes with the
formation of active products and the change in the relations between the
intensitien of discrete activities depending upon the conditions of
exposure make it extremely difficult to analyze ‘tho integral decay ourve.
Tt is very probable that, under definite conditions of exposure, the
20-hour helf=-1ife of I 133 may be concealed by the presonce of the 6.6
hour half-1ife of I 135 and the 9.4=hour half-life of Xe 135 springing
from ite Ohviously it is due to this circumatance that in wvarious

leboratories, in analyzing the integral decay curve of radi%%.o\gfﬂea igolated
from the fission-products of heavy nuclei, a large number of intermediate
periods were obtained with T equal to: 12 hours (45); 15~=16 hours @6)@7;
18,5 hours (4311

Thus Polesiteldly and Orbeli discovered e period, T = 15--16 hours,

which occurred during the fission of thorium, which may belong to both S

e oot

(1 130 and T 133, This ciroumstence 48 moted by verious autbors W7k
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The presence of I 130 Amons the fission produots of uranium has
evidently been treated in the most recent workum

In the fiseion of U 235, gtable Te 130 is formed as primary fission=
product; henfls, p chain of beta-transfermations, le;dtl.ug to I 130, cannot
appoar.

Tho redistion enibted by T 130 bete-dbeistefrabion vas studied by
moans of Lts abacrptior®)in AL and Pb in a Wilson eahers With a magnotio
field (1-6) and, in greater detail, by Roberte, Dewning, Flliott and Deutsch
(13), @9), @0) using a magnetic speotromoter and the coincidence mothod.

Figure 10 shows tho bote=spectrum of I 130 obtained by those authors.

Four poake can seen in it corresponding to internal conversion electrons.
The energies of the corresponding gamma=-quanta, computed whild taking into
account the onergles of K-capturo in Xe, squali Er = 0,416t 0,005 MeV;

E , ® 0,538+t 0,007 MoV By = 0,665k 0,008 MeV; Eq.® 04747 2 0,010 NeV.
Approximate veluos are obtaimé for Eg by analyzing tho spectrum of second-

ery electrons formed by the action of gamma=reys of I 130 on Au, Fb, Sn
(0.417; 045353 006’70} 0,740 MGV)Q

b Vb

?&3 10, ﬁja.%mm 0,6» 0

In studying the diegram of I 130 decay it is very important fact that
these 4 types of genma quanta are not all equally likely. The intensity of
the line of Bg = 0,416 MeV amounts only 0.3 0.1 of the mean intensity
of the other gamma~lines, Conssquently, the gamma=-quantum of energy
Eg = 0,416 NeV is not emitted in every act of beta-m. on
the other hand, study of the change in the number of beta=-gamna coineldences,
‘appearing per each recorded beta-perticle in dependence upon the thickness
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of the absorbent placed between beta=counter and sowrce, makes it possible
to eatablish that, when the energy E of a beta=particle is greater than
0.8 MeV, the number of beta-gamme ocincidences does not depend on the
thicknose of the absorbent. These experimental factors give rise to the
conclusion that the beta=speotrum of I 130 muet coneist of two groups of
bete~particles, one of which of energy E = 0.6 MeV, (approx.) is mcoompanied
by the emlssion of /4 gamma-quante, while the second is &ocompenied by the
same gemma-quanta, but ﬁi‘bu the quantum of energy Eg ® 0,416 MeV. These
conclusions agree with the date obtained by analyzing e Fermi graph plotted
by the above-mentioned authors for the bete~spectrum obtained by them for

I 130 (Figure 11). Using coordinates (§9md E, we obtained a broken line
resolving into two straight lines for whioh give two velues for the maximum
energy of beta=particless En( 3 0,61 0,02 MoV and En’l’s 1,032k 0,02 MeV.
The valus E,; T 0,61 MeV is in good agreoment with the results of research
on beta-gamma coincldences, and En;’ 21,03 MeV practically coincides with the
value Ep = 1,05 MeV obtained by Livingood and Seaborg through absorption
measurements, The difference E,;{ - Eh; = 0.42 MoV agrees exaotly with Kg =
04416 MeV,

| ' G, D £ g
K TIN7S P § Fos IO 7 I,,Ow‘aﬁdo

%

Thue the transformation of IJ130—> Xe 130 must correspond in principle
with the diapgrem given in Figure 12, Two groups of gamma-parilcles of energiles
Ep= 0,61 MeV and Ey = 1,03 MeV are emitteds In both cases there is a tramsi-
tion to the exeltation level of Xe 130. Both transitions are accompanied
by emlseion of gamma-quenta in cascade. As & result, the Xe 130 nucleus
is converted into its primery state. The order of emlssion of gamma-quanta

SECRET
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exoept the gamma-quantum of energy Fg = 0,426 MeV las not been determined
and 1s arbitrarily indicated in the dlagram,

1131 . T3 8 days, SECRET

Tn bomberding telluriun withd euterons, Tape and Oork(L4)obtatned

aotivity of half=life T equaling 8 deys. This they wrongly ettributed to
Te 131. Soon afterwards Liningood and Seaborg (8’, 6.5) domonsatrated that this
elght-day activity wae chenicelly identical with iodine and was formed during !
bombardment of tellurium, Iodiuwe of half-life 8 days was obtained direotly ‘;
b the reastion Te 139(a,n) 1 égl and by the beta-MSINESErmiion of a i
radioaotivo isotope of To 131 originating in the activation of tellurium

by deuterons and neutrons:
Teldo

To 130 (4,p) Te 133 (nsgamna) Te 131; T 55131-,»1 551;1+bem-m1nua

The appearance of I 131 directly in the process of the nuolear reaction
Te 13°(d,n) I %gl proceeds with tho following rates: 1 atom per 5,108 deu-

5R
torons (a)whon the energy of the deuteron ig 8 MeV; 1 atom per 0,7,104

douterons (43) when E « 14 MeV,
As two isomorio states aro lmown for Te 131 with half‘-l:!Xe T = 30 hours
and T = 25 minutes, it is interesting to ascertain which of the isomers is the

direot prodecessor of I 131 when the latter is formed during the beta=

daeay~
Homgraﬁon of Te 131. As shovm by Segborg and Kennedy @)ﬁii,]ﬁ 131
is formed from the 25-minute isomer of Te 131, whereupon ths following chain of

transformation reaotionsﬁakee places

30 hrs. .
Te ;-gl 5T ;.gl 25 min}I ;gl __Ef:‘_’;f., Yo ;.ZJ. (atabile).

The existance of just sucha mochanioism for the formation of T 131 in the

beta~ of Te 131 was proved through the chemical method of

separating isomers (52) applied if the isomers were genetically conneeted
i (4 one isomeric state arcse from another in isomeric transformations),

] The idea of this method ia that, as a result of the emission exporienced by

the nuelous in greatly transformed isomeric gamma~-transistions, a chapge
ocours in the valence state of the atom undergoing lsomerie transi?ﬁ.
As a result, atoms in ths process of isomeric transition and in their
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primary state. can be separated from atoms in a mestastable atate.

It soems that, if to deuteron=oxposed tellurle acid there ig added
inactive tellurous acid and if for some time Sca2 1s bubbled through
e 3N solution of HOl to Yeduce elementary Te, then the preoipitate will
contain only tellurium of half=life 25 minutes, whick broaks down with
the formation of lodine of half-life & days.

: In conmeotion with the problem of the leomerio transmutations

3 of To 131, preceding the formation of I 131, the unproved but un=
1 disputed statement of Roberts and Irvine @-O)is ourious. They separated

., from tellurium, activated by deuterons of enorgy 1l.5 MeV repeatedly during
‘ the oourso of sevaral months){ radié‘-gg;ina whioh differed wvery little

from 8=day I 131 as to half-lifs according to absorption measuremonts.
If this aotivity is identioal with I 131, it will beocome necessary to

assume the eximtence of a third long-lived isomer in Te 131,

L
Y

The formation of I 131 takes place overy time Te 131 appoars as a

result of any process whatever. This isotops of lodine was observed by
Abelson (53),(54),(55) and by Hahn and Strassman (/@{ 56} in fiseion products of ’
neutron=bombarded uranium, Ferml and Segré 5'7) separated it from

TR

uranium exposed to alpha=particles of energy 32 MeV,

| I 131 is not the primary fission~product of uranium, but originates
i as the result of botasdlifatsdiation of Te 131, whersupon the following

SECRET

7o 131 30 Wuws,, Te 131 25 min T 131 8 days, Xe 131 (stable),
352 3 s 952 nin 5 aya; e 57 (stable)

BEEEIEIIITE T T e

The yileld of this chainm tmanium gtudied by many authora, I
Procoading from the work of Jentschtke G@,G% it 1s possible to sssume P
[ that there should be no great difference in the coefficients yleld in
these two cases, In fact, the yleld coefficients for a chain of mass

‘ number 131 during uranium £ission are very close for slow (@,(6@[61) }
and fast(él)neutrons and emount to 242===2,8% of the total number of

fissions, Yaffe and Mackintosh(éi)determined the ratios of the adtivities

T 131 and Ba 140 which hs separated from uranium by exposing it to slow 2

i
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and fest neutrona, and obtdnqd en almoat identical value for theae
oooffiolents., Acocording to the values previously obtained for yields
of Bal0 in uranium fission for slow and fash muﬁrom(ez)the yield
cooffioienta for 1118 were determined as equalling, reapectively:

2,25 £0,11% and 2,27£0,118, SEC REE

Radiation and Plot of Dosay Ourve. The beta=spectrum of eight=

day iodine was studied by its absorption in Ai(e)‘-h)'(eb with the help
of a Wilnon‘ko#;mmd magnetio t‘ioldﬁ'e)md of o magnetio speotro=
metu[w'é‘). Tho most *rustworthy of those varied detas are those of
Doutsoh, Dawning and Roborts, With the holp of s magnoetio speotro=
moter and rosoaroh work on bota~-gamma ooinoidonool, the latter dis-

oovered that I o

had & simple spectrum with B = 0,608:£0.01 MV,
The maximum value of the beta=speotrum, Em & 0,508 MoV, was obtained
Both from the beta-spootrum itaelf (Figure 13) and from the corres=
ponding graph of Formi (Figure 13) and from the oorresponding graph
of Fermi (Figure 14), This value agrees with the value Ep 8 0,8 MoV
obtained from absorption mouuremontﬁl)

Figure 13, Beta-spectrum of 1131.

The energy of the gamna-rays of il were determined by ‘the
absorption in Pb(a)'m) and by the energy of seoondanﬁ'e)‘é'g)'é@) and
oonvernio#‘g'ga)'{éé electrons, whoreupon the results of measurement
by different methods were in sufficiently good agreement, Acoording
to Downing, Deutsoh and Robortl(sgw“) each beta~-partiole was accompanied
by the emission of two gumua-quanta in cascade with energy

Eg = 0.3672 0,007 MoV and E, = 0.08020,001 MeV. The order of the

8
emission of gammaequanta was not determined,

' ) '
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Figure 14, Fermi's graph for Figure 16, Diagram of the trans=

the bota~apeotrum of I'33, formation 1131 ,xe131,

81 is shomm

A probable diagram of the transformation Ilﬂgxel
in Pigure 16, It oonsista of tho emission of beta-particles of
energy By = 0,605 MeV followed by transition to the exoitation level
of xoln end of tho subsequent radiation of two gamma=-quanta in
oasoade followed by transition to the primary state of Jhul.

J?(“z ¢« T S 2,4 hours

Beta=activity of half=life T = 2.6 hours was first discovered
by Meitnor, Hahn and Btransmmx(%)in neutron=bombarded uranium, It
was also established that it did not belong to the primary product of
uranium and neutron internotion, but ocourred as the result of a
series of beta=disintegrations. In mocordance with the ideas ourrent
at the tims in regard to "transuraniums", this 2,5-hour aotivity was
attributed to EkaPb, originating wocording to the following nuclesar
reaotion

10 seos 2.2 min 69 min
Ut n—Wop ———IEBkaRoy, . >SFkalag, .5 Ekalrg, —>
246 hrs

Soon after the diswovery of uranium fission, Adalson(ee)md Feather
and Bretsohu(s") demonstrated almost simultaneously thet the 2,6<hour
aotivity was chemically identiocal with iodine and that its predecessa
of half=life about three days (66-=77 hours) was tellurium., These
results were obtained by analyring the absorption of a series of
radiation products emitted by "transuranium" elements and by chemical

isolation of activities with the oorresponding carriers, They pro-

vided a new and independent proof of the fission of uranium nucled.

v
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It seoms strange that the typleal metallold lodine could have been
identified previously as FkaPt, It is intereating that welght proofs were
brought forward on this point, 6 and Re5=hour aotivities were separated
out from an acid solution of mutrézz-:l_zradiated uraniwm salt by means of
hydrogen sulfide with platinum. Then the 2.5 hour aotivity was separated
by orystallizing ammonium ohloroplatinite, In the light of the ideas of
that time am to "trensuraniume", all this seemed good and suffiocient proof
to the ohemical identity of 2.5 hour aotivity with EkaPt, Ae a matter of
faot, precipitation of Te coourred whioh, upon beta=disintigration, gave
Re5=hour iodine and adsorption of I in surfaco=active sulfur precipitates;

also, Joint orystallization ccourred with the ammoniun ohloroplatinite
of the corresponding iedine group,

The chain of bota—ému arising from the primary fission-
produots obtained during uwranium i‘isnion 'by neutron bombardment and leading
to radig‘iodim) was studlod in detail by Aﬂelson(sﬂél), Acedemioian V..
Khlopin with his fellow- workers (68)69)70,1)and by Hatn and Strasemamn
‘ (3},(8‘,\@6). Finally, all the elements of the chain were chemically identi=
fled and their half-lives were acourately defined, Sb was the primary

. ’, f1ssion-product mccording to the follovg\ntqz"aneformation:

I : ~ 5 min 77 hre 244 hra,

4 T Tp—",, (stable)
» i The lodine isotope under consideration is formed not only during uranium

fission but, as shown by Hahn, Strassmann and Fluegge(’?'z)and by Poleasitskiy
and Namorovskiy(’?B) also during thorium fission by the action of neutrons,
It is also separated from uranium subjected to bombardment by alpha-

J particles of energy 32 MeV(5'7).

f Since, as far as we know, radig‘iodina of half-life T = 2.4 hours was
separated only from fission products of heavy nuclei and was not obtained
in other nuclear reactions, all its charscteristics cannot be indicated
with sufficlent definiteness, This refers, in the first place, to the
mass number of the 2.4 hour isotope., It seems likely that it should be
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attributed to the radigioaif of nase nusber 152, but 4% 1 difriowt
to prove thig hypothesis, ,

The second characteristio=mthe ha.'l.f-li.g’e,;,:ean be determineq aoourately
onough, in spite of the complicated nature of the integral ourve of radio=act e
j 1sotopes of lodine separated from the fission Produote of beavy nuoclei,

Thie 1s possible because of a fiselon-product of 244 bour dodine hag g

long half-life 7 = 77 hours, whoreas a1l the other radicactive lootopes

of lodine are formed from shortelived lsotopes of tellurium, Consequently
<e4=hour potivity can be separated practically in its pure form in secondary
:“;f extraction of iodine from  radiated 8alts By rational seleotion of the
time for the firgt and second extraction of lodine, it is possible to
obtain a sufficient quantity of pure I 132 and to determine its firat !
half-life without resorting to analysis of the integral ourve with ite !gv
attendant errors, From a series of asuch determinations we obtain T = 2,3 ]
==244 hours,

' The yield coefficient of Re4=hour iodine in urantum fission by
the action of neutrons smounts to 3.3-=3,6% @,{6}). The radiation emitteq ]F
by 244 bour iodine hag not been sufficiently studied. The data in the ;f
bibliography are not numerous and do not agrec among themselves, Ac;cording ‘
to the absorption measurements of Born and Selmann-Eggerbort('rl,) this
lsotope of ledine has a simple beta=spectrum with Fm = 1.35 MeV, and emitg

gamma~rays with Eg = 0,85 MoV, According to data brought forward in a pub~
lished account of the plutonium project @1} and also according to date obe
i tained through absorption in A1l ang Fb, the beta~spectrum of 244 hour
e I 132 coneists of two groups with Bn = 1,0 Mev (502) and Im = R4l MoV (50%),
and the emission of two gamma-quanta of energy Eg = 0,60 NeV (50%) and
Eg = 1u4 MeV (50%).

Such contradictory results do not allow of plotting o decay scheme for
this isotope of indinel.

I 133, 7« 22 houps,

The radioactive isotope of ilodine of halfelife T = 22 hours was first

discovered by A}\’elson(ﬁ), 64) in fission products of heutron-bombarded uranium,
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This was confirmed by Hahn and Strassmann (Ile)ﬁé) by V.G, lﬁo;Eigﬁ gn

rellow-workera(éﬁ, by Dodson and Fowler( 7;) and by others, Thls radio—ac‘t\'ve
lodine was alao obtained in uranium fisslon by the action o?‘x\r apan'tiulea(s")
- and, obviously, in the exposure of thorium to the motion of ‘faat neu=-
trons (4?.@7){‘/9.'{71). The study of this lsotope precents definite diffioulties.
Since 22-hour iodine wae obtained only in the fiselon of heavy nuolei, it

was always studied in a mixture with the other radicactive isotopes of
iodine formed in ‘this case and with their aotive defsy produots, In thie i
! case it was not posoible to separate the mctivity under consideration in
v{ the pure form successfully isolated in the case of I 132, Undor such }
| conditions the fact of the separation of 22=hour activity with inactive
! iodine doos not prove that this activity belongs to lodine. Special ‘
experiments must be conduocted to offer convinoing proof that this activity |
really belonge to lodine and not to the decay product of some lsotope of
lodine (1.8} Datermination of the half-life is only possible by analyzing
‘the complox decay curve displaying tho docomposition of several lodine i
é isotopes with different yleld coefficienty, the half-lives, the energles {
] of beta-particles, and the complicated nature of the change in their de=-
osy products, (Figure 16)., As the nature of the integra%urve is deter=

mined by many factors, among them the conditions of target exposure, the
. charagter of the counter arrangement used, end so forth, the difficultles

arising in the determination of the half-life are obvious., Out of the
many determinations @,58,%3),69,(6@\,6_7) the most trustworthy value seems o
be T - 22 hours,

o

Tk, 87(().«,._&, of, o 9"»»«?}4-»‘1 D*C%] Conarmt.

0.0 Rodivedie Lutiln of Sodive . ampunth ||
b el TP b 2 b ™ I
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In spite of these diffioulties, not only wae the peried of A2«howr
lodine _qatabliahed but 1t wae shown by succeseive fisslons that this

udw e
rp.d:l,o;\.odine was not a primary fisslon=product but was formed from tellurium

of bhalf=life T = 60 minutes, wiioch, in turm, repulted upon beta-

of Sb of half-1ife T less than 10 minutes 65). Hence, this chalp ocourss
10 min 60 min 22 hours
§b ————pTg P ———— 7)o
51 52 53 Bhe

But this chain does not end in xenon. Many nuthora('f.l),ﬁ@,[?‘)}md already

actve ,
remarked on the fact that radicxmnon arises from iodine separated from the

fipsion products of uranium and thorium, By successive separation of xenon
from the lodine isolated from urenium, Segrd and Wu @'&go)and Dodson
and Fowler(’?ﬂ showod that, in the disintegraticn of 22=-hour iodine, radio-ac'ﬁvc

xenon of half=-life of about 5 days was formed, which, in turn, Wﬂ to
form steble coslum.

This oircumstance was utilized by Wu @,{sd in determining the mass
number of I and of the whole chaln, Cesium, with one stable isotope
Ce 133, wag subjected to peutron bombardment. A radiosctive gas wae then
obtnined which, through its half-1ife and the absorption curve of the

radiation emitted by 1t, was jdentified with 5-day Xe separated ﬁ'om 22=hour

sz AT RIS

1odine. Since, obviously, the nucloar reaction is Cs 133 the masse number
5 oo

133 must be attributed to 22-hour lodine and all its fissic‘m products.
On the basis of the above statements the following chain takes place:

ST e i
e
RS S L R P s S S e R R

133 10min 133 60 min133 22bre, 133 5. g 133
ey 08 (stable).

8b > To . ——D Xe
51 52 53 54, 55
The yleld of bis chain during the fission of U 235 equels 45 (4
The radistion emitted by I 133 in rota-dliiibodaabton, was studled

~bun,
with the atd of a Wilson oaRn and magnetic fleld (8]) and by its ebsorption

in Al and Pb(ld}. The values obtained by this method forthe meximum energy
of the beta-spectrum of I 133 are equal, respectively to: Fm =1.1 MeV
and Em = 1.3 MeV, The energy of the gamma-rays according to absorption
messurements equals Eg = 0.55 MeV. In spite of the fairly satisfactory

coineidence of values for Em obtained by two different methods of evaluating
the reliability of date on the beta-spectrum of T 133, it is difficult to
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aeparate 1t from other radieactive leotopes, It ie neceseary

to proceed with all proper precautions, In particular, the

metrod emnloyed to obtain the specimen of TY27 in Perfslav'ébf
experimente, in prineiple, tolerates an errer ip the determination
of the beta~spectrum of 1133. On the basis of data on the yield
coelficiente of chains leading to the formation of radioactive
isotepen of iodine and on the half-liven of isotopes forming

part of thero ehainézla it ie oarmy to chow thal considerable
quantitien of other 1sotopes of iodine (11511135) and xenon
(XQ133, Xo135) muet inevitably be preront during the covrse of
irrediation in tho experiment and the eubzequent oxtraction

A,

elr e

of radiofodine separnted from uranium before ita intreduction
) :

! PLWON WAL

into a Wileon L mixed with 1132, Even 4w the fairly
o

i, ™

arbitrgry assumption that every xend%gf;rmnd in Agl crystale— e
in tﬂ§>§;;ervel between the separationkef f?ffﬂ? from urapium _ da
and the beginning of the measurements-{Ai;»completely éé&éiZEéa( I
iﬂ”the atmosphere; the specimen contains 12 23hich 18 far from 0y
pure. Incldentally, even the nature of a Ferml graph, plotted o
for the beta-spectrum obtaineégﬂ, indicates that z:;nighdfuﬁfya
group of betas-narticles occure,
1% ¢ = 54 mimtes,
Like the previous 1notope of lodine, the S4=minute

i34 was separated only fromthe fission-producte of heavy

nuclei, This isotope was first discovered by q&Llson53554y5§}
AW
in analyzing the decay curve of radio;;odine sepursted from

uranium exposed to the action of neutrons, By this method

N/
S4-minute lodine was next obtained in many laboratoriesééyéﬁﬁéo).
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But thia isotepe was alse obtained in the fission of uranjum

by the action of alpha-partiole557‘and as shown by Dodson
and Fowler45'and Polesitekiy and Orb61146v47,\oould be

separated from thorium exposed to the action of neutrona,

|

S54=minute iodine was formed during the separation of heavy
nucled, but not in the form of a nrimary fiseion=-product.

Tt 18 & product of a seriep of beta-df%fﬁiﬁiﬁggiﬁnn The
chain, ﬂncluding S4-minute ilodine, wan otudied by a number of
authore.46 47,53, 9455,70 and 1g now repreecented in the form:

10 min 43 min 54 mﬁn
Sb g3 e 124 7 2 1525005 e M (stable),
The half-lives of the olemonte forming part of the chain

and preceding the 54-minute I, were established by atudying

S ey

the changes in the activity of lodine (consequently of
tellurium) in ouccostive emiseions from tellurium eoparated
from uranium (or uranium solution),
There are the same difficulties in studying IJB4
a8 in studying I133, i;
The yield coefficient of 54-minute T in the fission of |
g) uranium by slow neutrons is approximately equsl to 5.7%"1’1'\L

The mass number of 54-minute iodine was determined

(9)
very recently, In Seaborg's ~'tgble of isotopes, 54-minute

§ I wae called 1171 gng in the report on the plutonium projectAl
'i it was hypotheticelly given the mass number 1% (1(134)),
|

Proof of this hypothesis by neutron bombardment with

| atomlo numbers close to lodine, with protons, duetrons, and
alpha-particles was not possible, There are no suitable stable
isotopes in 8b, Te, and Cs and active Xe can give no clear-

cut answer, However, there is another way of solving the
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preblem, In 1947, in determining the relation ef the activities

of S4=minute I and Bg139, in aecerdance with the known yleld

of Dal?? during the fissien of uruniuﬁczz Yaffe and Maokintgaﬂél)

obtained a yield ccofficlent for S4=ninute T in fission both
by slow and fast neutrens equal, on an average, to 4,75%. On
the other hand, it is known from the nasa=gpectragraphie
messurements of Thede and Grsham thet in the figsion of

ursnium four stable isotopes of xenon are formed: Xelil;
Xel325 xelX4; %0136 which are the final producte of a chain

with correepending mass nunbers, The ratios of yleld of the

isotoper of xenon with maes numbere 132,134, 136 to Xelil
and comequently the ratios of the yield ceefficiente of the
sorresponding chaine oquali Kysn&y3 = 1,48 - 1,50
k134/k131 = 263 = 2675 Ky36/kam = 2,17 - 2,30,

k131 wee determined for 8-day 1131 according tn the o
retio of the activities of 111 ang Bal40 and equaled 2,23 - 72,2746, o

llence it follows that the yield coefficient of a chain ;V
with L = 134 equuls 5,859 which, within 1imits of error, corres- I 4
ponde with the yield of f/-minute lodine, Such a method, by ’
the way, may be used to determine the mass number of 2,4-hour
iodine,

The yields of 35139 and BalAO, the starting-pointe in
determining the yield coefficients of 54-minute I and 8-day I

were determined for fission by slow neutrone in accordance with

the ratio of the activities of U239 and paldd (consequently of
Bald0) rrom the ratio KEBYEY N KENREX

beta-activity of U?Bg = sigme sub-c
beta-activity of Bal3g sigma sub-f . k39,

j where slgma sub-c 18 the cross section of the capture of U938
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. a .
and sigma sub=f 18 the cress section of the fission of 0”35; by

k139 15 the yield coefficient of Bal3? in the flssien of

s3I by fart neutrens (the ratie of the number ef fiesions
leading to the formatien of Bat?? to the total number of
figeions). The yielde of Bal?? and Bal4Q in fissien by
faest neutrons are determined by the ratle of the corresponding
activitier in the fiseion of U*2% and 0238.

The radistion of 1394 has scarcely been studied., It is

oo ¢ :
. merely known that in the beta-d&o+n$:§¢;;;gn of 1134 ganmae=
rays are radiation with Eg greater than 1 MeV,
.3
I]‘S Tz 6.6 houro,

r\/\
Sogrf and Wu77%0 giecovered still another isotope of
| iodine with the half=1ife T ¢ 6.6 hours in the fission

actve
producte of hoavy nucled, This radigeiodine, the precence
(i )
of which was confirmed by other author947’60’75’ wat formed

during the decay of short-lived telluriuﬁvﬁ’b%’ originating
directly in the fission of uranium nﬁd thorium,

Xonon formed in the bota-afaimisdaon of 1935 18
radioactive, (7§i&jﬁ which made 1t possible to ectablish both
the precence of 6.6-hour iodine ammong the fission products of
heavy nuclel and also its mase number,

It 1s difficult directly to determine the existence of
8 6,6~hour half-life by the integral decay ocurve for radi%%;gglne
separated from neutron-irradiated uranium and thré@um. The
great number of activities eomposing this curve conceals
the 6.6 hour hﬂﬁ}lifﬂ and for this reason 1t has been determined
successfully only in rare instances, 1In general, analysis of

the integral curve has only succeeded in recording the fact of
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the growth of an aotivity belonglng te a radlesctive descendant
af &,6=hour lodine, xenon, with a half-life of 9,2=<9,4 hours,
In praotice the half-life of L33 wap ostablished by a series

i
e

of successive emiselone of xenon from lodine separated from

‘ nentron=irradiated uranium and thorium,

The separation of nenon from indine is brought abemt
elther by blewing off by gas through a boiling alkalline solutlon
of sodium lodide or by the method of Langsdorf and
Segre’ﬁ‘?) which consiste of preparing an emanation specimen
from which xenon nacees into an exhaustlon chamber. The

specimen 1s prepared in the following manner, Silica

gel is saturated with silver nitrate by immersion for 15

'i minutas in a 0,10 colution of AgNOa and then dried for some

hours at a temperature of 70°C. Ceveral cuble centimeters
of silien gel prepaved in thie mammer are shaken up with a
solution of actlve lodine in GGlA until the solution becomes
discolored. The active xenon formod in tho emanation sample
passos elther into the exhaustion chamber surrounding the
countor or directly insgﬂe the counter,

The xenon ceparated in nne way or the othor from the
iodine, contains two isotopes: Xel33 of half-life T = 5,4
days and Xel35 of half-1ife T = 9,4 hours, However, because
of the great difference in the perlods and the insignificant.
enerygy of the electrons emitted by Xe133 (Xe133 «Bp .

0.3 MeV; Xel35 | Em ™ 0.95 MeV) vnder the conditions of
the experiment, the xenon separated from the iodine actually
disintegrates in a half-lifééo\T = 9.4 hours, In Figure 17,

pointe on the semilogarithmic coordinates represent the decay
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of xenon for four extrastions made at 12=hour intervals, The

A e
ourve af the "progenitor" af 9,4=hour Xe radieelodine of half-

[
1ife T = 6.6 hours, was obtained in extrapolating the decay ?ﬁé

e

ourves (straight lines in the cnordinates, Figure 17) te

the moment of aeparatian of xenon rro@ indine aleng the initial
pointa denoted by eirelec, Starting from the fact that 9,4~
hour Xe is formed during the bota-di%;:é;%§;$ﬁan of 6,6=hour

I and that, conrequently, they both have the same maass number,
1t wae poasible to prove that the nerind of A,A hours belnnged
to an lodine irotope of muss number 135, In bombarding Ba

p
0) '
with neutronééu’?o two radicactive guces were obtained with

half=lives T - 5 days and T & 9./ houre, which according to

their half-lives and aheorption curvea were identified with
‘ radisactive isntopes of xenon formed during the decay of
indine separated from the fissinn nroducts of uranium and
thorium, Although barium has 7 stable isotopes, th?"g?y%oun b
nuelear reaction Ba52 (ﬁ, alpha) XeéZBIends to radiiﬁiékén
only for the mass numbers 130, 136, and 178, Since Yo >»
which, as proven above, has Tas duys, 18 formed from Ba136,
and the ratio Ball0:pal?® , 1/700, it is possible to draw the L;é
conclusion that 9,4-hour Xe 15 formed in the nuclear reaction: pli
Ba%ga(n, alpha) Xe%25. Consequently, the 6,6=hour half-1ife i
belongs to 1135,

A .

Figure 17, The decay curve of T135.

SECRET

Declassified in Part - Sanitized Copy Approved for Release 2012/05/21 : CIA-RDP82-00039R000100070051-8




Declassified in Part - Sanitized Copy Approved for Release 2012/05/21 : CIA-RDP82-00039R000100070051-8

SECRET

#ith regard te the decay scheme of 1135, it has been
eatablished that Xel”?, orizinating in the beta-m
of é,f=hour ladine 4s formed in twe isomeric atatB£S@J33UB4)
of Xe*135 with T g 10-==13 minutes and Xel35 with T g §.2--

9.4 hours, 4
At vl
Qggttééjz who studied radiqexenon formed from ledine with
the aid of a Scelmann-ﬁggobcrfas)apparntua, wns the first

tn dlscover l0-minute Xe, He showed that the half=lives

T = 10 minutee and T = 9,4 hours did not belong to disorete

imotapes of xenon formed from varlous lseteper of lodine,

but that both had as their "progenitor! 6,6-hour I and,

consenquontly, belonged to o isomers of one isotope of xclBS_
Active iodinc ia separated from neutron-irradiated

uraniﬁmiby the application of the vauenl carrier technique,

Rndi%}iégnn is carried away from a heated solution of sodium

lodide by a flow of hydrogen and is absorbes by active carbon

at the temperature of liquid eir. In a subsequent heating

of the carbon the "dissorbed" xenon nasses into an exhaustion

chamber surrounding a Gelger-Mueller counter, The hydrogen

is blown off at two-hour intervals. The decay curve of the

radio-isotopes of xenon can be located each time on two straight

lines with T = 10 minutes and T = 9.4 hours, The activity

with T « 5 days belonging to %e132 wae not observed, evidently,

both because of the short perilod of accumulation and because

the beta=particles of Xel33 were absorbed to a considerable

extent by the walls of the counter. Extrapolating both

straight 1ines with T - 10 minutes and T & 9.4 hours to the

initial moment of time, Goette obtained for the initial
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activities in both casea a straight line with exaectly the same

: inelination,

[ﬁéﬁ By separating xenon frem iedine at short intervals of éﬁ
acocumulation and analyzing the decay curves obtained by %@
reaording the beta-particles and gamma=-quanta, Wu and Sergefxq}

discovered that T = 10 minutee belonged to the excited

igomeric state of Xel33, 1his isomer was obtained in the
d.ﬂ.,fv&«m‘
Deta-dibintelmabion of 1135 to the amount of about 10% and

with emission of gamma=quanta (and internal conversinn olentrona),
LYV IWIWN
it passed into the baeic state of Xelgs, seeen;gs'iné-\vith

T w 9.4 hours,

Aocording to recent dnti\’*l), the transmutatinn chain of the
primary figsion-products with M » 135, including the formation

and decay of 1175 can be ropresented in the following form:

| Xe-"32° (10 min) i“
< F\l:c\\ﬁr‘lﬁ,% e / 2.5%1¢ a0 )
13542 min A 9.4 hre < 1
Te 52 L 132 (6.7 nre)” L xedE]  cedds Mm‘ja,% B (stante).

The yield of this chain in uranium fission by thermal neutrons i
18 equal to 5.9%.

The energy conversiona which take place during the beta- Lo r.,dx-a,
disintegration of T4°
to the data on hand obtained by the absorption method?‘l*), the

are not accurately established. According

maximim enerpgy of beta-particles emitted by 1335 1108 between

Em « 1,35--1,5 NeV and the energy of the gamma-quanta radiated

Ao e~
during beta-d&e&n%e&ion lies between Ly = 1,6--1,3 MeV,
The difference between the energy levels of the basie

£ o)
and mebnstable states of Xetoo equals about 0,55 MerA]},BO,SA.
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The half-life T = 1.2 minutes wag provisionally attrituted* Eg

LR
o |
“a

ta Il36 formed as a primary fiselon=product in the fiseion of
wranium and deconpansing inte stable Keljé.
If 1t 48 true that the 1,8 minute half=1ife belongs to

1136 and thal the following progess takes place:

1.8 min
‘ 1%36 XQ%Ze btanle),
the yield of 1.8 mimute I during uranium fission muset equal

61
4 . 65%1

Seoclmann~Fggebert and Born84'57 demonetrated that 30-
second iodine decomposed to form Xel37 with half-1ife T = 3.4
minutes, Acrording to Amorican dnta‘l 30~gecond I137 ig
formed directly during fiesion and decomposes according to
the scheme:

1137 30 secs “3%27‘3'4 min05é27 o0 yra Bn%g7 (stable),
According to these same dataﬁl'ge’ In uranium fiseion one more
short-lived iantope of fodine is formed as a primary fission-

product with T = 22--23 seconds, It decomposes with the ejection

of electrons and delayed neutrons,
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Within the range aof acouracy of the experimental data

§§£ ) on hand, the decay scheme af Il35, atarting from the general
rules of "radiation" of eveited nuelel, oan be hypethetiocally
represented in the fellawing form: in beta-d&ggﬁfxgigzien 100%
of the beta-particles are emitted with energy By e 1,35--1,5
MeV, whereupon a transition ooqurs to the exoited level of
Xe135 yith an energy of evoitement Eqyo = 1,6=-1.3 MoV,

Thie excited state with emission of gumna~quanta "radiates"

to barlc or metastable level of Xel35. Approximately

90% of the gamma=-quanta, following the emisaion of bota~-
particles, havo an enorgy Gy = 1.6--1,3 MoV and hence in 903

of all cases a transition takes place to the bazic state,

10% of the gamma-quanta have an onergy Ey = Boye==0.5573:0,9 f
MeV and in this cace there is g transition to the metaotable
atate of Xol35 which, with the half-1ife T » 13 minutes, is
diecharged through conversion gamma-transitions with %255.55
MeV, According to absorption measurements the group of

gamma=-quanta with energy Eg-~0.9 MeV may be detected as
8 result of the alight degree of intensity (109). ﬁ

Short-lived 1sotopes of iodine:
X136) | ¢ = 1.8 min; 1137 | p = 30 sec; 1(137). T = 22 sec,

Strassmann and thdééisucceeded in working out a method
of separsting radiggigéﬁne from neutron-irradiated uranium
such that measurements of the activity of AgI* could begin
within 3 minutes after the end of the exposure. Thereby they
discovered in the fisslon-products of uranium two chort-lived
isotopes of iodine with half-lives T ¢ 1.8 0.4 minutes and
T-30% ¢ seconds,
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Tablea I and II give the nharaﬂtnriettc"nonntanvu

of radioantive isotepes of iedine and the nunrlear re-

artione lepding to the formation of these isntonens

o hey Table I
M Tyne of T T, in By, in | Reartions in Formation
Redintion Mev ;}Mex ‘
10k U deys } |
. £ i
(175) K=eapture 56 daye
|
196 13 dave
l 128 24,99 minutes
<~ 1n8
179 22 107 years
130 12,6 hours
131 8 deys
(132) 2.1 hours
133 22 hours
134 Al minutes
135 6.6 hours
(136) 1.8 minutes
137 30 seronds
(137) 29 seronds
|7t fa,.(.'m ool S /CT i( « ~Apr 'PILZCQ;L ol ) S ey /
— e g ) (//) Ay
o { I ’ '

\

g
N
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A e ]
) 182/ K
. Qo : Table Wb
7 l{cxc(-c.l)’elcjt [ Ia t‘“me (SN 6:/ 1 (."(L\Au ﬁywnc;c we //w Fk-um\ é.{ Umamum "”’“‘;
“'u —
= wafx’. of Yieiy| @
4] in Miesl
' n on
of UMP .
. in %
x Te* (37 Anye)
! / L v
] 72 min D10 yru
129 | Sp (4,2 hre) ‘—:- Te b g T | 0.7
i . |
? Te (30 hrs)
‘ 5 min . B daye
* 13 Te - imemenp { rereerey K@ P.8
i
~~ 5 min 77 hrn 4 Pt hre i
132 h e Tg mmemmen § eemimen Xp | 3.6
. <10 nin 60 min © PP hre 5.4 deye
133 86—t T coo o T oo o 30 Ko meem> Op L5
< 10 min u} min ' 51; min |
13 S, O S > Xe 8.7
e (10 min) : b
<P min Y 9,1 hre 2.5 10 vrs } '
L35 Te e > J(6,7 hra)=—-5X8 coon oot 08 smmmommee> Bp 5.9
1.6 min :
136 J —— e bg
30 sec 3,4 min 33 yre ,
137 J =i Xe = > Cg ~e—> Bg - R
i
Qonc%ﬁ;ion '
nuelenr renﬂtinﬁa lending to the formation of radio-
! setAve isotopes of lodine, there is ueually a simultaneous "“W

¢ '

fgrmrtton of severel isotopes, Tﬁia esperially oongarns the #/V
“case of the fission of heavy nueled, More thaﬂ half the iso—
topea of iodine are formed bv this proneaa, and we do nof

anv( .
,know how ho obtain many of them byﬁpther méthode. ?Me fig=-

l

e’
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CONCLUSION
In nuolear reactions leading to the fermation of radio=
! active isotopes of lodine, there is usually a simultanesus
; formation of several lsotopes, This espoelally concerns the
ease of fiseion of heavy nuclei. More than halfthe ieotopes of
iodine are formed by this process, and we do not know hew to
obtain many of them by any other mothods, The fission reaction

of heavy nucled, as a source of radlo-iodine, hase many advantagee
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and dafectsa, On the one hand, 1t ia the most accesaible means

of abtaining radicactive isatones of lodine with extremely

o intaresting half-lives, Thin methed is accaesible for any

hv

laberatory possessing (Ra=-Be) or (Rn==Ba) neutran gources,
and doas not, require any comnlicated high=valtage apparatua,
Iodine obtained by thie methed conaints of a number of leotopes
with half=lives ranging from a fow seconds to several daye,
Thif makes 1t possible te solve many problems. On the other
hand, this eame sirultaneous formation of a number of 1sotopes
in which 1t 1p difficult to dlstinguish one from the other,
mekes the method somewhat defective, Thie defect ocan be
overcome to a certain degree by varying the time of exporure,
extraction of the exposed uranium, and extraction of the
Separated iodine, On the basin of the data in Table IT, it
18 nossible to mske a rational selectinn of conditione for
obtaining radio-iodine such that the aptimum number of
interesting 1sotopes may be obtained. It 1o also poasible

% to separate the half-lives by utilizing a different enerygy

i of baota-particles and by employing correstonding filters in

measuring activitios,

V The fact of the formation of radiocactive leotopes of xenon
in the decay of 1133 and 135 whion causes alterations in
the decay curve, 1s of great importance., In using the radi&%igggne
containing these lezotopes as an indieator, it 1s obviously necessary
to take proper measures 80 that all the epecimens of radié?légine
involved in the various processes during the course of the
experiment may remain under equal conditions in relation to the

active, L
-xenon from the specimen, 1' .

possibility of a diffusion of radi%

,__c,..‘,ﬁ_
SE T
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